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The infra-red light gate 
can be used in a wide 
variety of applications 
ranging from intruder 
alarms to automatic 
garage door openers. 
When the light beam from 
the infra-red source is 
interrupted, the receiver 
circuit detects this and 
energises a relay. 


‘Throwing some light on 
LEDs’ aims to dispel 
some of the mystery sur- 
rounding LEDs, so that 
the constructor can 
choose the most suitable 
type for his requirements, 
and calculate the 
operating conditions. 


Using only one 
inexpensive CMOS IC 
and a handful of discrete 
components, it is 
possible to build a versa- 
tile CMOS function 
generator that will 
provide a choice of three 
waveforms over the 
entire audio spectrum 
and beyond. 


throwing some light ‘ 
eos 


CMOS funcpion generator 
development timer 
infra-fed light gal 


The reason why LED dis- 
plays are becoming ever 
more popular is obvious: 
they look so neat! Quite 
apart from being reliable 
and requiring relatively 
little power. 
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formant — the elektor music synthesiser (8) . . 
C. Chapman 


This article continues the discussion of the tone-forming cir- 
cuits with a description of the Dual VCA module, which can 
be used in conjunction with the envelope shaper for dynamic 
control of signal amplitude, and also for periodic amplitude 
modulation of the signal waveform (tremolo). 


slow on/off ......... Bl etn em eR Re 
The slow on/off fader circuit will fade the lighting up and 
down slowly, rather than switching it on and off abruptly. 


CMOS function generator ............++5- 


zener tester... . cece eee eee eee eee wees 
This simple tester provides a reliable means of measuring 
zener voltages and of plotting the variation of zener voltage 
with zener current, 


development timer .............. 
Developing photographic films can be something of a chore. 
Not only is it necessary to measure the total development 
time, but it is also necessary to agitate the development tank 
at frequent intervals to ensure even development of the film. 
This means that the clock must be watched continuously 
The development timer described in this article overcomes 
these problems by measuring the intervals at which and the 
length of time for which the tank must be agitated, as well as 
the total development time. 


experimenting with the SC/MP (4) .......+. 
H. Kampschulte, H. Huschitt 


By abolishing the restriction of having to work exclusively in 
binary code, the hexadecimal input/output unit described in 
this article considerably increases the ease and speed with 
which the user can communicate with the SC/MP — providing, 
of course, that he has a thorough grasp of the relevant soft- 
ware 


market ......- 


advertiser's index ........----- spore Erafacee 


201 


2-02 


2-06 


2-10 


2-17 


2-20 


2-22 


2-24 


2-28 


2-39 


E-16 


E-4 — olektor february 1978 


elektor 34 


decoder 


Volume 4 Number 2 
ae |] of zer9s are avoided wher 

it w. der Horst What is a TUN? || possible. The decimal point is 
fax i sai What is 10 n? usually replaced by one of t 
peputy.editor P. Holmes What is the EPS service? | 

i i ‘ What is the TQ service 
Maier % Parnarecht What is 3 missing link? 
-H.K. Dam Whats 2 


E. Krempelsauer 
G.H. Nachbar 

A. Nachtmann 
K.S.M. Walraven 
Mrs. A. van Meyel 


Elektuur B.V. 

P.O. Box 75 

Beek (L), Netherlands 
Telex: 56617 Elekt NL 


Subscriptions 


International head offices: 


U.K. editorial offices, administration and advertising: 
Elektor Publishers Ltd., Elektor House, 
10 Longport Street, Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227)-54430. Telex: 965504. 
Please make all cheques payable to Elektor Publishers Ltd. 
at the above address, 
Bank: 1. Midland Bank Ltd., Canterbury, A/C no. 11014587 
Sorting code 40-16-11, Giro no. 3154254. 
2. U.S.A. only: Bank of America, c/o World Way 
Postal Center, P.O. Box 80689, Los Angeles, 
Cal. 90080, A/C no. 12350-04207. 


Assistant Manager and Advertising : R.G. Knapp 
Editorial -Emmens 


ELEKTOR IS PUBLISHED MONTHLY on the third Friday of each 
month. 
1. U.K. and all countries except the U.S.A. and Canada: 
Cover price £ 0.50. 
Number 39/40 (July/August), is a double issue, 
‘Summer C ', price £1.—. 
Single copies (incl. back issues) are available by post from our 
Canterbury office, at £ 0.60 (surface mail) or £ 0.95 (air mail). 
Subscriptions for 1978, January to December incl., 
£6.75 (surface mail) or £ 12.00 (air mail). 
2. For the U.S.A. and Canada: 
Cover price $ 1.50. 
Number 39/40 (July/August), 
‘Summer Circuits’, price $ 3. 
(incl. back issues) $ 1.50 (surface mail) or 
). 
Subscriptions for 1978, January to December inel., 
$ 18.— (surface mail) or $ 27.— (air mail). 
All prices include post & packing. 
CHANGE OF ADDRESS. Please allow at least six weeks for change of 
address. Include your old address, enclosing, if po: an address label 
from a recent issue. 


LETTERS SHOULD BE ADDRESSED TO the department concerned: 
TQ = Technical Queries; ADV = Advertisements; SUB = Subscriptions, 
ADM = Administration; ED = Editorial (articles submitted for 

public: PS = Elektor printed circuit board service. 


For technical queries, please enclose a stamped, addressed envolope or 
a self-addressed envelope plus an IRC. 


THE CIRCUITS PUBLISHED ARE FOR domes} 


a double issue, 


‘or publications and activities. The publishers 
cannot guarantee to return any material submitted to them. All 
drawings, photographs, printed circuit boards and articles published in 
Elektor are copyright and may not be reproduced o: 
or part without prior written permission of the publ 
PATENT PROTECTION MAY EXIS 
components etc. described in this magazi 
The publishers do not accept responsi 
Patent or other protection. 
National ADVERTISING RATE: 
Elektor and/or i 


ity for 


'S for the English-language edition of 
ternational advertising rates for advertising at the same 
, Dutch and German issues are available on request, 

DISTRIBUTION in U.K.: Spotlight Magazine Distributors Ltd., 
Spotlight House 1, Bentwell Road, Holloway, London N7 7AX. 
DISTRIBUTION in CANADA: Gordon and Gotch (Can.) Ltd., 
55 York Street, Toronto, Ontario, M5J 184, 
Copyright © 1978 Elektor publishers Ltd — Canterbury. 
Printed in the Netherlands. 


Semiconductor typos 
Very often, a large number of 
equivalent semiconductors exist 
with different type numbers. For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 
©'741' stand for wA741, 
L741, MC641, MIC741, 
RM741, SN72741, etc. 
© 'TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect: 
ively) stand for any low fre- 
quency silicon transistor 


meets the following specifi- 
cations 


~UCEO, max 20V 

Ic, max 100 mA 
hfe, min 100 
Ptot, max 100 mw 
fT, min 100 MHz 


Some ‘TUN's are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124. Some ‘TUP’s 
are: BC177 and BC178 families; 
8C179 family with the possible 
exeption of BC159 and BC179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291. 


© ‘DUS’ or ‘DUG' (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


[DUG 
20V 
35ma 
100 yA 
[250mW 
10pF 


Some ‘DUS's are: BA127, BA217, 
BA218, BA221, BA222, BA317, 
BA318, BAX13 BAYG1, 1N914, 
1N4148. 

Some ‘DUG's are: OAB5, OA91, 
OA95, AA116, 


©'8C1078’, ‘8C237B’, ‘8C547B' 
all refer to same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


C107 (-8, -9) families: 

BC107 (-8, 9), BC147 (.8, -9), 
BC207 (-8, -9), BC237 (.8, -9), 
8C317 (-8, 9), BC347 (8, -9); 
BC547 (8, 9), BC171 (-2, 3), 
8C182 (-3, 4), BC382 (-3, 4)’ 
8C437 (8, 9), BC414 


8: 
8C177 (-8, 9), BC157 (8, -9), 
BC204 (-5, 6), BC307 (-8, -9), 
C320 (-1, -2), 1, -2), 
BC557 (-8, 9), BC251 (-2, -3), 
BC212 (-3, 4), BC512 (-3, 4), 
BC261 (-2, -3), BC416. 


Resistor and capacitor values 
When giving component values, 
decimal points and large numbers 


A few examples: 
Resistance value 2k7: 2700 2. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4.7 pF, 
0.000 000 000 004 7 F 
Capacitance value 10n: this is t 
international way of writing 
10,000 pF or .01 uF, since 1 0 i 
10°° farads or 1000 pF 
Resistors are % Watt 5% carbon 
types, unless otherwise specifi 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to 
at least 60 V. As a rule of thumt 
a safe value is usually approxi- 
mately twice the DC supply 
voltage 


Test voltages 

The DC test voltages shown ai 
measured with a 20 k2/V 
ment, unless otherwise speci 


U, not V 
The international letter sym 
‘U' for voltage is often used 
instead of the ambiguous 'V’. 
“V'isnormally reserved for Vi 
For instance: Up = 10 V, 
not Vp = 10 V. 


Mains voltages 

No mains (power line) volt 

are listed in Elektor circuits, I 
assumed that our readers kno 
what voltage is standard in thei 
part of the world! 

Readers in countries that use 
60 Hz should note that Elekto: 
circuits are designed for 50 Hz. 
‘operation. This will not normall 
be a problem; however, in cases 
where the mains frequency is 
for synchronisation some modifi 
cation may be required, 


Technical services to readers 

@ EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board. Some — bi 
not all — of these boards are avail: 
able ready-etched and predrilled. 
The 'EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards. 

© Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
14.00 to 16.30. Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K. 
Please enclose an IRC instead of 
stamps. 

© Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 


listed under the heading ‘Missi 
Link’ at the earliest opportuni 
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6 — elektor february 1978 front panel, focus, 
een ow| ee 
integrated vo 095° 

regulator 70430 (note 2) 9419.3 
note 1: needed only for 7 em crt seg 
note 2. needed only for 13.cm crt aoe 
BiasArLusre 9343 04st 1.05 | if nt indicated; needed for both ma 
st radio 
thythm generator » 3.20 | focal radio psu — 
93443 (1.45) .20 | local radio p: 9499.9 
(M253AA) IC power supply 9465 
iedrummer, instruments | age .40 
mother board 934 
mer, instruments < 
t Subghter board 93441 9.35; 9.8 | 23: MARCH 1977 
polaroid timer, 9379 145 running jane ues 9203 
UAAI70, 270° meter, variomater tuner, fron 
basic board (E17) 93921 1.50 3.30 | “end (E24) 9447-1 
UAA170, 270° meter 440 | OTAPLL (E7, £24) 6029 
front panel (E17) 93922 2.00 run rabbit, run! 9764 
UAA170, LED voltmeter, 
basic board 93923 1.15 2.60 
UAA170, 16 LED display E24:/APRIL 1977 
‘toad 9392-4 0.95 2.10 | Digisplay (E13) 9376 
LED VU/PPM, 
rectifier section 9419-4 
£13; MAY 1976 35 display section 9419-2 
Ivtennis extensions (E7) 9363 §.60. 12.35} variometer tuner, i.f. 
preco, preamplifier 9398 ae BS. converter (E23) 9447-2 
9399 140° 3. tuner, stereo 
Many Elektor circuits are accompanied by designs for | Preco, control amplifier . 5 ||, Warlometer tunes 
Printed circuits. For those who do not feel inclined to | °0U!" 9401 2.55 5.6! decoder (E23) 9447-3 
etch their own printed circuit boards, for their own auto slide changer 9743 
use only, a number of these designs are available as E1976 signal injector 9765 
ready etched and pre-drilled boards. Delivery time is | E14: JUN s 0.85 1.95 
approximately three weeks, U_K./air mail fet front, preamp (E7) all ‘ 
Payment must be in advance £25: MAY 1977 
1. For U.K. and all countries except the US.A.: model car track (E24): 
Payment, incl. £ 0.15 post & packing , to: E15/16: SUMMER CIRCUITS 1976 multiplex encoder 9796-1 
Midland Bank Ltd., Canterbury, A/C no. 11014587, | 7 watt IC audio amplifier 9506-1 1.35" 2.95 | _ infrared transmitter 9796-2 
Sorting code 40-16-11 simple front-end for albar (E19): 
Please make your cheque payable to VHF-FM 9512 1.00° 2.20 single transducer/receiver 9815-1 
Elektor Publishers Ltd , Canterbury, England. Hi-Z stereo amplifier for transmitter 9815.2 
2. For the USA only: headphones 9540 150° 3.30 
Please make your cheque/money order payable to SSB adapter 9641 070 1.58 
Elektor Publishers Lid., Bank of America, c/o World E26; JUNE 1977 
Way Postal Center, P.O. Box 80689, Los Angeles, isi b: 
Cal, 90080, A/C no. 12350-04207 Env seeTt Brocton itimebeses 7 0848 
Prices include post & packing, surface mail. If air mail PSreMpeR ere Roney suenhe tor racer 
ente-ada's On : + | tachometer, LED meter timebase 9448.1 
Le dade 50. board (E12) 9392.1 1.50 3.30 | formant: keyboard 
tachometer. front interface (E25) 9721.1 
panel (E12) 93922 200 4.40 | levitator 9763 
tachometer, contral active loudspeaker cross- 
board 9460 1.45 3,15 | over filters (E25) 9786 
Exetnple: mp4. indicator, model car track [E24, £25): 
digisplay Pekin ee Gaia 9473 1.50 3.30 | servo amplifier 9803 
1 using SCR 94741 0.70 1.55 
1. Circuit title Taiige: SUMMER CIRCUITS 1977 
2. reference to associated article(s) £18: OCTOBER 1976 noted handkerchief =» 9830 
3. board number ty tennis scoring (E7,€13) 9405 §,30 se oron cote 37008 
4. *'= p.c.b.'s without solder mask toudmounth aia 34st yoo] On towne 270m 
U.K: SQ decoder AGS BER, IE eal ee 77059 
5. price (in £) inclusive of VAT 5. -qualiser 77071 
6. * = 12.5% VAT; otherwise 8% VAT TVanatie NiCad charger 77075 
USS.A. and Canada £19: NOVEMBER 1976 4 Wear radi Ls 
7. price in S, not including tax if any) intercom 9156 105 2.30 | 3%digt DUM er 77101 
LOGICA! rplacement.erc.9192 3.45 7.88 a 
albar: soe E25, May 1977 : 
albar, power supply 9437 115.250 
signal horn 9438 1.05 2.39 | E29: SEPTEMBER 1977 
Ps ¢ | 99-timer-with-2- 30 | FM mains intercom 9359 
1: DECEMBER 1974 di 9469 0.55 1.20 | formant (E25, £26): 
eque sinplitler 1499" 1.80' 3.95 | °aPacicoupling tap interface receiver 9721-2 1.30" | 
mos clock §314 clock contrat 9707 0.801. | Power supply 97213 ait 
circuit (E4) 1607 1.80 3.95 | snsitive metal detector 9750 1.80 3.95 | keyboard divider : | 
mos clock 5314 display {one octave) 97214 0.75 
board 1607B* 1.35 296 | £20: DECEMBER 1976 logarithmic darkroom 7 ] 
phasing and vibrato 9407 275° «5. CCIR test atte oR ie 
£3; APRIL 1975 drill speed control 9484 0.95 340 | generator moth 
disc preamp 76131 4040a" 1.25 2.90 | Parking moter alarm 9491 0.90 340 modeler motherboard 9800-1 595 i 
f snooze-alarm-radio-clock 9500 2.35 5.25 | (E24... £26): 
sirens 9751 1.4 Fo | mou . 
4: JUNE 1975 thermometer (2 boards) 9755 3180 ; 8 proptester nt Seae atone 
mos clock timebase (E1) 1620" 095 2.10 “ 9820:2. 1.58 
£21: JANUARY 1977 
£7: NOVEMBER 197: 
E7: Ne 975 ues . hybrid IC audio amplifier 9439 1.15* 2.59 | £30: OCTOBER 1977 
tv tennis, main peb (E13) $0201 A 4180. 10.95 | ereogudlo mixer Si4 GB ta.go | CCIR: 
econ emais pet 88 | noise generator 9487 1.60 3.55 | | daughter board 1 (E29) 98002 3.30; 
oscillator 90292 115 2.50 155 3.49 infrared transmittar 9822 250’ eg 
tvtennis, S-volt supply $218A 1.00 2.20 Kilign Spas 3000 «€ 
frequency counter, £22: FEBRUARY 1977 ttwo boards} gaat ae § 
jmintron display board 9312 1.45 3.20 | Elektorscope: model car track 
requency counter, le timebase 9099-1 3.10 (E24... 26, 29) 
_isblay board 9313 1.45 3.20 | Y preamplifier 9099.2 350 9.98 | _ infrared receiver 98481 080 4 
requency counter, low voltage power supply 9099-3 270 600 | Multiplex decoder 9848-2 0.85 
counter/latch/display 1000 V Hi-V psu (note 1) 9099-4 208 460 . j 
driver 9314 1.20 2.60 | KX and Y output amplifier 9099.5 298 660 
motherboard 9099-6 325 695 | E31: NO 
o . : NOVEMBER 1977 
£8: DECEMBER 1975 ee un. psu (note 2) 9099-7 2.95, 6.50 | formant (E25. . . £30): | 
die 9169 0.85 1.90 i vcO - + 
730/740 (IC control anes SP 748 $85 | CCIR: daughter board 2 oats 030 ] 
amplifier) 9191 1.40* 3,10 | front panel, vertical 20] (E29, £30) 98003 255 5. 
plac 99612 148 3.29 | de® Biofeedback: : 
front panel, vertical display generator 9825-1 2.55 
£9: JANUARY 1976 alpha amplifier : 
amp. (Y2) 93614 1453.2 98252 210 
feedback pil fm receiver front ponel, ‘0 | electrometer 9826-1 0.70 1 
(3 boards} 9356 = 530° 11.70 | 13 emert {note 2) 94101 4.55 10,10 | MON for electrometer 9826-2 65 
agnetiter 9827 0.65 
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arertion with the SC/MP: 
M-1/0 9846-1 5.75 12.70 
SC/MP board 9846-2 1.80 3.95 
mode! car track (E24 £30): 
transmitter power 
ery 9218 1.00 2.20 
assis 9850 2.85 6.35 7 igi 
Following the success of the many original and 
a varied construction projects in Elektor 
formant (E25... E31) magazine we are now publishing 


PLUS ‘DATA SECTION’ covering Elektor 
service to readers, LED DISPLAY 


Attention 
MOS-ICS, TTL-ICS, OPAMPS, 


allsubscribers 
please take TRANSISTORS 
d 
note, TUP-TUN- 


DUS-DUG. 
If you have notalready renewed 


your subscription to 
Elektor for 1978 this is the last 
copy you will receive. 


RS ead BOOK 75. 
‘sc/mP 8! 5 i i 
a ecm Written and presented in 
lectret microphone : se ss Elektor’s unique 
rr Nifier 9861 0.60 1 py 
Bpsiogue reaver mee 9668 11020 | style its contents 
MW retiex canes 9880 O28 1 88 | include: 
Sensitive lightmeter 9886 0.60, 1.30 
Stylus balance (E12) 9343 045 1.05 
Signal injector (E24) 9765 050 1.10 
7 pies nase kerchiet 9830 0.20 045 \ 
versatile digital clock 
E33: JANUARY 1978 mi Q hi 
imple functi ator 9453 2.70 6.00 
Be eson sees - ini hi 
» ADSR 97251 20 05 . 
| UAA £ meter 9814 3.90 
See tv tennis game 
ISC/MP (E31, ) 
BIMCIES ES) os 008.65 tunable aerial amplifier 
Be erator S83 aS, «320 di 
MOS nose generator $83 Sh 20 Isc preamp 
universal frequency refer 
) NEW: P ; A 
Bess. reanuary 1978 time signal simulator . 
SE UAL Wan #3) 9726-1 3.35 7.40 1 ith H 
| eee cramer edwin amplifier, fido and 
J) experimenting with the 
SC/MP (E31 E3: 
HEX 1/0 gan 17.00 «37.60 many 
others 
| 


Book 75 can be ordered from our Canterbury 


So please make sure you receive 
the april issue onwards and 
renew your subscription now. 
Happy reading 

Subscription dept. 


Office, price £3.00 each, Plus 30 p. post and 
pack. U.S.A. & Canada $6.50 (airmai 
Elektor Publishers Ltd., Elektor House, 

10 Longport Street, Canterbury CT1 1PE 


2.02 — oloktor february 1978 ___— 


The use of an infra-red light source is 
an obvious choice for this type of 
application. In the first place, for 
intruder alarm applications the light 
beam must be invisible, which limits 
the choice to infra-red or ultra-violet 
light. Ultra-violet light can cause visible 
fluorescence of certain materials, which 
makes it less suitable than infra-red. In 
the second place, relatively powerful 
solid-state infra-red sources, and infra- 
red sensors, are available at modest 
cost, whereas there are no solid-state 
UV sources commercially available. 
The circuit described here uses the 
Siemens LD 241 infra-red emitter and 
BPW 34 IR photodiode. 

Although these devices are not exorbi- 
tantly priced, neither are they inex- 
pensive, so in order to minimise the 
number of IR emitters necessary to 
achieve a given range the transmission 
system should be as efficient as pos ‘ible. 
Since the light level received at several 
metres distance from the transmitter 
will be very low, the receiver must have 
a high gain. This immediately excludes 
the simpler types of photoelectric 
switch that use a continuous light beam 
and a DC-coupled receiver, since a high- 
gain DC coupled receiver amplifier 
would be prone to offsets, temperature 
drift and other effects that could lead to 
poor sensitivity on the one hand, or 
false triggering on the other, 

The choice therefore falls on an AC 
modulated light beam and AC-coupled 
receiver, since a high AC gain can be 
achieved without offset problems. Such 
a system can be either narrowband or 
wideband, The advantages of a narrow- 
band system are a higher signal-to-noise 
ratio and less susceptibility to ex- 
traneous interference, either in the form 
of ambient light or transients on the 
supply lines. The disadvantage of a 
narrowband system is that the trans- 
mitter and receiver frequencies have 
to be accurately aligned, 

In a wideband system, the light source 
is simply pulsed on and off, and the 
amplification stages of the receiver have 
a fairly large bandwidth. The advantages 
of this system are simplicity and ease of 
alignment, but the disadvantages are 
poor signal-to-noise ratio and suscepti- 
bility to interference. However, advan- 
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Transmitter circuit 
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Figure 1. Circuit of the infrared transmitter. 


Figure 2. The ‘Local Radio’ power supply 
may be modified to provide a 5 V supply for 
the IR transmitter. Since the average current 
is only 12 mA, the external transistor T1 may 
be omitted. 


Figure 3. Circuit of the infra-red receiver. 
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Teceiver circuit is shown in figure 3, 
PW 34 infrared photodiode is 
ated in the reverse-bias mode. The 
ge current of this diode varies with 
light received from the transmitter, 
th causes a varying voltage to 
ear across resistor R2, the gale 
‘or of the FET source-follower T1. 
signal appearing at the source of T1 
d to IC], which is used as an ampli- 


fier and limiter. P1 varies the sensitivity 
by altering the reverse bias voltage of 
the diode. 

When light pulses are being received 
from the transmitter, a negative-going 
pulse train with an amplitude in excess 
of 1V_ peak-to-peak appears at the 
output of ICT (pin 8). This turns T2 
on and off continually, charging up 
Cll. T3 is thus always turned on, T4 
is turned off and relay Re is not ener- 
gised, 


When then light: beam between the 
transmitter and receiver is interrupted, 
the amplitude of the pulse train from 
the output of IC] will fall. T2 will 
be cul off, Cl] will discharge, T3 will 
turn off and T4 will turn on, pulling in 
the relay. Once the light beam is re- 
stored the relay will, of course, drop out 
again, but can be made to hold in for 
several seconds after the light beam has 
been restored by adding the com- 
ponents shown dotted, R12 should be 


